OBJECTIVES: To investigate the relationship between different indices of body fat and blood pressure in children and adolescents. DESIGN: Cross-sectional cohort study along with regular public health service examinations in school classes two, five and nine. PARTICIPANTS: A total of 2365 healthy schoolchildren aged 8-16 y. MEASUREMENTS: Body mass index (BMI), skinfolds, waist-hip ratio, body fat determined by bioelectric impedance analysis and blood pressure. RESULTS: In comparison with recently published normative data, a significant increase of obesity was found. There is a higher prevalence of obesity in children with lower education. A positive association between body fat and hypertension was observed in children aged above 10 y. The BMI had the strongest association with blood pressure among the indices of body fat considered here. CONCLUSION: Obesity is an increasing problem even among schoolchildren. This observation should be treated seriously as the relationship of body fat to cardiovascular risk is detectable already at a young age. Attention should be paid to the dependence of obesity on the level of education. The analysis suggests that BMI should be the preferred index to assess body fat.
Introduction
The prevalence of obesity in childhood and adolescence is increasing rapidly worldwide. [1] [2] [3] [4] [5] [6] Obesity at young age predicts the likelihood of obesity in adulthood. 7 Obesity in childhood is an important risk factor for several disorders 8 such as the metabolic syndrome, 9 hypertension, 10, 11 and cardiovascular disease, [12] [13] [14] as well as for morbidity and mortality in the later life. 15, 16 One of the aims of our study was to assess the prevalence of obesity in schoolchildren compared to recently published regional data, 6 and its relationship to the level of education. A recent work 17 has examined the (in)consistency of different indices of body fat in children, concluding with the question about their ability to predict morbidity. The present study is giving a partial answer, providing estimates for the influence of body fat, assessed by body mass index (BMI), skinfolds, waist-hip ratio (WHR), and bioelectric impedance analysis (BIA), on the risk of hypertension. Furthermore, these indices of body fat are compared with respect to their ability to distinguish between hypertensive and normotensive subjects.
Methods

Participants and measurements
Participating schools were chosen by random selection according to the geographical location in all city areas of Leipzig. A total of 2365 schoolchildren in the age groups 8/9, 11/12, and 15/16 y were recruited along with regular examinations taking place in the second, fifth and ninth classes. Written consent was obtained from both children and parents.
The following measurements were obtained: body height (mobile digital stadiometer 'System Dr Keller III', Günter GmbH, Tauscha, Germany; precision 72 mm), weight (digital SECA s -scale, Vogel & Halke GmbH, Hamburg, Germany; precision 7100 g), right-sided biceps, triceps, subscapular and suprailiac skinfolds (Harpenden skinfold calliper, 18 Holtain Ltd, Crosswell, Crymych, UK; resolution 72 mm), blood pressure (Riva-Rocci-Korotkoff method, 12 cm cuff, supine position after rest), circumferences of waist (smallest circumference between hip and chest) and hip (measured by a nonstretchable metric band), and bioelectric impedance (portable Holtain Body Composition Analyser, Holtain Ltd, Crosswell, Crymych, UK; 800 mA/ 50 kHz; electrodes on right wrist and right ankle).
Cutoff values and formulas
Overweight and obesity were defined as BMI above the 90th and 97th percentiles, 3 respectively, using the reference percentiles of Hesse et al, 6 which had been based upon a cohort of children in the same geographical region of Germany in the early 1990s. Hypertension was defined as diastolic blood pressure above the 95th reference percentile, 19, 20 using the reference values of Sörgel et al. 21 Body fat was calculated from BIA according to Wabitsch et al.
22
Statistical methods
Comparisons of frequencies were made by w 2 methods. BMI percentiles are graphically represented by telescope plots (see Figure 1 for description) with underlying reference centile curves. In order to discuss whether the effects found for BMI are attributable to differences in height, the increase of BMI with body height was determined by linear regression, accounting for age and gender. For graphical representation of the association between BMI and blood pressure, participants were divided into five groups with respect to BMI percentiles computed from our sample, accounting for age and gender. Percentages of hypertension depending on BMI are depicted with confidence intervals. The ordinal trend was tested by Kendall's t b .
Estimates for the risk of hypertension depending on BMI, stem fat (logarithm of the sum of the subscapular and suprailiac skinfolds), WHR and body fat obtained from BIA were calculated by logistic regression. Increased subcutaneous fat in the upper arm in obese might lead to a measurement bias towards higher blood pressure. In order to eliminate this effect from the risk estimates, arm fat (logarithm of the sum of the biceps and triceps skinfolds) was included as a covariate. Regression analysis was carried out separately in each of the six groups determined by age (8/9, 11/12, and 15/16 y) and gender. The regression coefficients were then tested for homogeneity, and aggregated to a common estimate when appropriate, using methods of meta-analysis. 23 To assess which of the fat indices showed the largest contrast between hypertensive and normotensive subjects, the four indices of body fat measured on different scales had to be made comparable. Standard deviation scores (SDS) were computed for the hypertensive subjects by SDS ¼ (indexÀmean reference )/s.d. reference , where 'index' was either of individual BMI, stem fat, WHR or BIA body fat, and mean reference and s.d. reference were computed from the normotensive subjects representing the reference population. The four SDS variables obtained thereby were then compared by repeated measurements analysis of variance, including age and gender as between-subject factors.
All statistical computations were carried out by SPSS 9.0 (SPSS Inc., Chicago, USA).
Results
Prevalence of obesity
We found an increased amount of overweight and obese children in comparison to recently published studies also carried out on East German schoolchildren 6 (Table 1) . Overweight and obesity were observed more frequently in children with lower education. This contrast was stronger in the older subjects and was present in both genders. Despite this inhomogeneity, the trend towards higher BMI was significant in all groups distinguished by age, gender and type of school. The prevalence of obesity in our sample was two to five times higher than expected. Figure 2 shows that almost all percentiles are above the reference values, so the upward shift includes the entire distribution.
Is the BMI rise due to secular trend? Our sample has been drawn about 6-10 y later than Hesse's data set. Owing to a 'secular trend phenomenon', the body height in our sample, and so body weight and BMI, might have possibly been increased. In fact, the body heights almost coincide with those reported from the reference data. 24 On average, our boys are 0.7 cm taller (P ¼ 0.053), and our girls are 0.6 cm shorter (P ¼ 0.092) than the references. Scale of measurement Figure 1 We propose the 'telescope plot' as an extension of the box-andwhiskers plot. Besides the interquartile box, additional boxes are drawn to depict further intercentile intervals. We suggest the widths of the boxes to be proportional to the amount of data lying outside the respective interval (ie 50:20:6 in our case). Sequences of telescope plots are suitable to illustrate changes of distributions along with a covariate that is ordinal but not metric, or that has discontinuous range not allowing for continuous centile curves.
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b In Germany, the secondary school is splitted into higher ('Gymnasium') and lower educational tracks ('Hauptschule', 'Realschule'). The telescope plots represent our data, curves represent the reference centiles (dark greyF3rd, 50th and 97th percentiles, light greyF10th, 25th, 75th and 90th percentiles). Almost all percentiles shown by the telescopes are higher than the reference values, and the medians of our data are on average about 1 kg/m 2 above the reference medians. ). Thus, the secular trend in height increments did not explain the observed differences in BMI.
BMI and blood pressure There was a significant (Po0.001) trend towards higher prevalence of hypertension in subjects with high BMI (Figure 3) . Interestingly, the positive correlation of hypertension to BMI was not only caused by overweight subjects. When the high-risk group (above the 90th percentile) was excluded, the trend remained significant (Po0.001 for boys, P ¼ 0.001 for girls). This implies to treat the BMI as a continuous covariate rather than to fix an arbitrary cutoff when giving a quantitative description of the risk.
Risk estimates
Logistic regression predicting hypertension from BMI, adjusted for arm skinfolds, yielded inhomogeneous estimates in the groups distinguished by age and gender. No association could be detected in girls and boys aged 8/9 y, while there were considerable effects of similar size in the other four groups. The common estimates are presented in Table 2 Table 2 .
Comparison of the indices of body fat
The comparison of the contrasts between hypertensive and normotensive subjects with respect to the four indices of body fat involved only the age groups of 11/12 and 15/ 16 y, as no significant contrast was found in the children aged 8/9 y. Regarding normotensive subjects that form the reference population, the average SDS of BMI of hypertensive children was 1.21, which was significantly higher than their SDS of stem fat (mean 0.99; P ¼ 0.008), WHR (mean 0.79; P ¼ 0.002) and BIA body fat (mean 0.84; Po0.001). This coincides with the finding that in logistic regression for hypertension, given two of these indices of body fat as competing regressors, BMI was preferred to any other of these variables to be the stronger predictor. Given BMI, no significant information on hypertension was added by any of the other measures of body fat. The converse was not true.
Discussion
Our observations are consistent with the results of studies from other countries: obesity among children is increas- The odds ratios describe the increase of the risk of HT associated with the effect given in the first column (adjusted for upper arm skinfolds).
Obesity and blood pressure in schoolchildren A Reich et al ing, 4, 5 is related to the socioeconomic status 25 (reflected by the level of education in our study) and is associated with hypertension even in young age. 10, 11 In addition, it has been pointed out that the rise in BMI is something more than the normal secular trend seen in the body height. Furthermore, it was shown that not only obesity is related to hypertension. The risk is increasing already within a span of BMI values commonly considered to be normal range. Hence, having a BMI below some widely accepted cutoff value does not mean the absence of increased cardiovascular risk resulting from body fat.
We were able to demonstrate that the significant relationship of obesity to blood pressure in childhood can be described using any of four different established indices of body fat, providing quantitative estimates of the risk. However, our data suggest that BMI is superior to the other measures in distinguishing the hypertensive subpopulation. Taking into account the need for special devices to measure skinfolds or bioelectric impedance, observer-specific techniques in measuring skinfolds, the number of formulas converting impedance measurements into estimates of body fat, and the simplicity of the BMI on the other hand, it seems that BMI should be the preferred index of body fat for research in this area.
As a limitation of this field study, single measurements of blood pressure are less reliable than repeated controls, 19, 20 which were not available in our study. Less erroneous diagnostics would allow for more precise risk estimates. A second limitation arises from the way of adjustment of the risk estimates for arm fat. Arm skinfolds reflect the body fat content, and therefore predict hypertension as other markers of body fat do. They also increase the mechanical pressure on the measurement device, leading to a measurement bias. When adjusting the odds ratios for the arm skinfolds, not only the mechanical but also the cardiovascular component of information contained in the arm fat was eliminated, so our estimates might be too small. In particular, our results do not guarantee the absence of increased risk even in the age of 8/9 y. Nonetheless, the situation is dramatic enough even with our conservative estimates. Regarding the mean rise of BMI by about 1 kg/m 2 compared to the reference data, and the odds ratio for hypertension of 1.23 per kg/m 2 , one may assume that additionally one out of 100 schoolchildren aged above 10 y is hypertensive due to the increase of BMI during the past few years.
As the main consequence, surveillance of obesity among children is important in view of the clinical consequences of overweight, which are measurable and quantifiable already in school age. BMI should be preferred as the most simple and powerful variable to assess the degree of obesity. As the increase of health risk is continuous, intervention and prevention studies should include a wider population rather than only subjects above the established cutoff values.
